The attack of the subsocial spider mite Schizotetranychus nanjingensis Ma & Yuan against its specific predator, Typhlodromus bambusae Ehara, was examined in the laboratory. Males of Schizotetranychus nanjingensis began to pursue the intruder soon after the larva or protonymph of T. bambusae was in the nest. When in contact, these males captured the predator and repeatedly pushed themselves against it. When predatory larvae were introduced into nests with one male spider mite, three quarter of the predators were either killed or forced out of the nests within the first ten minutes. Spider mite males killed the protonymphs of T. bambusae within ten minutes in over 85% of the replicates. These male spider mites dragged or pushed the dead predators out of the nest. Female spider mites themselves never attacked and killed the predators, but sometimes helped to remove the dead intruders. The subsocial behaviour of S. nanjingensis is discussed in light of the results of this and previous studies.
Introduction
Highly developed subsociality has evolved in some species of nestinhabiting spider mites in the genus Schizotetranychus (Acari: Tetranychidae), which show coordination in webnest construction, sanitation and defense (Saito 1995) . These subsocial behaviours were demonstrated in two closely related species of the Schizotetranychus celarius group: S. longus Saito, 1990 and S. miscanthi, Saito 1990 (Saito 1986a , b, 1990a . A very interesting and unusual aspect of the nest defense in these mites is the counter-attack of male and female spider mites against their specific predator, Typhlodromus bambusae Ehara: males of S. longus and S. miscanthi can attack and kill predator larvae that intrude their nests (Saito 1986a (Saito , b, 1990b .
Schizotetranychus nanjingensis Ma & Yuan, a major pest of the moso bamboo (Phyllostaychs pubescens) in southern China, is also a member of the Schizotetranychus celarius group and is believed to be closely related to S. longus (Zhang et al. 2000) . Females of this species cooperatively construct nests with a very dense web roofing on the underside of bamboo leaves. The webnest functions as a shelter within which all mites live and feed on leaf tissue (Zhang et al. 1999) . S. nanjingensis defecates near one entrance of the nest to ensure good sanitation within the nests. Individual nests built by this species on the same leaf can be joined together and different generations may overlap in one big nest (Zhang et al. 2001 ). These observations indicate that S. nanjingensis is similar to S. longus in terms of its development of subsocial behaviour. In this paper, we examine the counter-attacks of S. nanjingensis against the larvae and protonymphs of its specific predator, T. bambusae, in laboratory experiments.
Material and methods

Sources of mites and bamboo leaves
Moso bamboo leaves, S. nanjingensis and T. bambusae were collected during October 2000 from natural forests in Yongan, Fujian. They were brought to the laboratory and used in observations and experiments that were conducted in the next few days.
To obtain predator larvae and protonymphs, adults of T. bambusae were reared on green bamboo (Dendrocalamus latiflorus) leaves with Aponychus corpuzae Rimando as prey. Eggs laid by T. bambusae females within 24 hours were transferred to a clean leaf and larvae from these eggs were used in some experiments (I-VI; Table 1 ) immediately. Some of these larvae were allowed to develop into protonymphs, which were used in other experiments (VII-IX; Table 1 ).
Experimental arenas and conditions
Petri dishes (diameter 12 cm) were used as platforms for observing mites in the laboratory (Zhang et al. 2000) . Moso bamboo leaves were placed on a piece of filter paper soaked with water in the dish. The two ends of the leaves were covered with strips of wet cotton to prevent the leaves from drying out and rolling. All experiments were conducted at 24-26°C under natural light.
Experimental procedure
Preparation of bamboo leaves with desired numbers of mites. One to two males of S. nanjingensis along with 1-2 females were transferred to a new leaf which had not hitherto been infested by spider mites. They were allowed to settle and build nests for a week. The number of males and females in the nests were adjusted to the desired combination required by the different experiments (Table 1 ). This was done by creating a small opening near one edge of the nest using an insect pin (lifting one side of the silk cover slightly), pushing the extra male or female spider mites lightly, and driving the mite out of the webnest via the opening. Behavioural tests and observations. A larva or protonymph of T. bambusae was transferred carefully with a fine brush in front of the nest opening and allowed to move on its own or pushed into the nest. The silk cover was then appressed to the leaf surface to close the opening. Female predatory mites were placed onto the leaf and allowed to find the nests themselves. After the predators were inside the nest, they were observed continuously for 10 minutes, and further observations were made at 1, 2, 3 and 24 hours after the start of the experiment. The numbers of mites attacked, died or escaped were recorded. Some larvae that moved out of the nests re-entered it later or were pushed into it. The total number of escapes/expulsions could thus exceed the number of replicates because some individuals was escaped more than once.
Results
General behavioural observations
Males of Schizotetranychus nanjingensis often began to pursue the intruders very soon after their larvae or protonymphs were in the nest. When in contact, the male spider mite captured the predator with its front legs, inserted its chelicerae into the intruder's body (often at posterior idiosoma), and repeatedly pushed himself against T. bambusae. The predator soon died. The male of S. nanjingensis then dragged or pushed the dead predator out of the nest. Female spider mites sometimes also helped to remove the dead intruder, but were never observed to attack or kill the intruding predatory larvae or protonymphs.
In experiment VII, one T. bambusae protonymph found and attacked an immature prey before being set upon by spider mite males. The male and female spider mites quickly rushed toward the predator and a female successfully pushed T. bambusae away from the attacked young mite, but the predator quickly re-captured the victim, fighting against the female spider mite which was twice of its own size. However, the male spider mite rapidly came along and killed the predator protonymph. Another predator protonymph found an immature prey and quickly started to feed. Its body turned green, the colour of its prey. The male spider mite in the nest then came and attacked the predator, forcing it to give up its prey. The predator tried to escape, but was quickly captured and killed by the spider mite.
In experiment VIII, one predator protonymph tried to feed on a female spider mite and was attacked by two male spider mites in the nest. The predator fought back and killed one of the spider mite.
In experiment X, predator females often first fed on spider mite females and then eggs. Spider mite males then attacked the adult predator, which was not bothered and continued to feed. When the prey no longer struggled, the predator female came back on the spider mite male and consumed it in minutes. Mortality and escape rates of predator larvae Experiment I. In nests where a pair of male and female spider mites was present, the male spider mites killed the larval predator in over 40% of the tests within 10 minutes, and over 30% of the predators were forced out or escaped in 10 minutes (Table 2) . At the end of 24 hours, over 60% of the predator larvae were killed.
Experiment II. In nests with 1 male and 2-3 female spider mites, the escape/expulsion rate of the predator larvae was higher than their death rate in the first 10 minutes (47% versus 29%), but the total number of predators killed at the end of the experiment was similar to that in experiment I (Table 2) .
Experiment III. When the nest was guarded only by a male spider, it actively attacked the intruding larval predator and killed most of them in 10 minutes, including some that had escaped and were put back in the nest (Table 2) .
Experiments IV, V & VI. The nests had only female spider mites or larvae/eggs, and none of the predator larvae was killed or pushed out of the nest during the experiment.
Mortality and escape rate of predator protonymphs
Experiment VII-VIII. All predator protonymphs were killed in nests with 1-2 male and 0-2 female spider mites and nearly all were killed in the first 10 minutes (Table 3) .
Experiment IX. In nests with neither male nor female spider mites, but with their eggs and larvae, mortality and escape rates of the predator protonymphs were zero (Table 3) .
Mortality and escape rate of adult predator females
Experiment X. No adult predator females died or escaped, despite the attacks of male spider mites (Table 3) . TABLE 3. Counter-attacks of Schizotetranychus nanjingensis males against the protonymphs of its predator Typhlodromus bambusae within webnests on leaves of moso bamboo at 24-26°C. * First and second row of data (mean±s.e.) for each experiment, respectively Discussion From these observations, it is obvious that males of S. nanjingensis actively pursue, attack and kill intruding larvae and protonymphs of T. bambusae, and that the females of S. nanjingensis participate in the defense by pursuing intruding predators and rescuing injured young mites, but do not attack and kill the predators. In addition, counterattacks against predator females are unsuccessful. Similar patterns were reported for the interaction between larvae and protonymphs of T. bambusae and S. longus (Saito 1986a, b) . However, there are some interesting differences between S. nanjingensis and S. longus in their interactions with T. bambusae.
Experiments
Male/female spider mites in each nest Cumulative mortality and escape rates (%)* of predatory mites at different times 10 min 1 hr 2 hrs 3 hrs 24 hrs The predator larvae and nymphs were killed much more rapidly by S. nanjingensis than by S. longus. We saw that a significant proportion of the larvae and protonymphs in most experiments were killed by S. nanjingensis males within 10 minutes after the start of the experiment, and most were killed within 2 hours (not many more killed in the next 22 hours). With S. longus, the survival rate of predator larvae and protonymphs were more than 90% during the first two hours of the interaction, and most predators were killed in the next 22 hours (Saito 1986a) .
The relative attack successes of S. nanjingensis and S. longus on the predator larvae and nymphs are different. Males of S. nanjingnesis killed all the protonymphs of T. bambusae in experiments VII and VIII, but more than 20% of the larvae survived in experiments I-III, despite the fact that larvae are not as robust of protonymphs and that one protonymphs of T. bambusae killed one male spider mite. In contrast, the attack success by S. longus on protonymphs of T. bambusae was significantly lower than that on predator larvae (Saito 1986a) .
The effect of the presence of an extra male in the nest on the attack success of spider mite males deferred between S. nanjingensis and S. longus. One or two S. nanjingensis males caused similar mortality to predator protonymphs (Experiments VII & VIII). According to Saito (1986a) , two males increased the mortality of predator larvae, suggesting some forms of cooperative defense.
The subsocial behaviour of S. nanjingensis is discussed below, in view of our observations and the criteria of Saito (1995) about the development of subsocial behaviour in Tetranychidae.
The females jointly construct webnests as protected shelters under which eggs are laid and immatures feed and develop (Zhang et al. 1999) . They defecates near one entrance of the nest to ensure good sanitation within the nests. The females join their males in defending the nests by pursuing intruding predators, rescuing injured young, and pushing or dragging dead predators out of the nest. Males actively defend the nest by killing intruding predator larvae and protonymhs.
Thus, S. nanjingensis may thus be said to display coordination in parental care, nest defense and nest sanitation. In addition, individual nests built by this species on the same leaf can be joined together and different generations may overlap in one big nest (Zhang et al. 2001) , allowing interactions of individuals from different generations. To sum up, S. nanjingensis showed coordination in webnest construction, sanitation and defense. Its subsocial behaviour is thus highly developed and is most similar to that in S. longus.
